2
HEPES buffer solutions were made by dissolving 10 mM HEPES and 150 mM sodium chloride in Milli-Q™ water and were adjusted to pH 7.4 using small amounts of concentrated sodium hydroxide.
All solutions of AlexaFluor 430, native melittin or the melittin mutant were prepared at concentrations of 5 µM. Concentrations were determined by measuring the absorbance of AlexaFluor 430 (extinction coefficient at 430 nm = 16,000 M-1cm-1(39)).
Time-Resolved Evanescent Wave-Induced Fluorescence Spectroscopic Techniques
The Time-Resolved Evanescent Wave-Induced Fluorescence Spectroscopy (TREWIFS) apparatus, constructed in-house, utilises a hemi-cylindrical fused silica prism design, which For time correlated single photon counting, the excitation source was a cavity dumped, mode-locked Titanium:sapphire laser (Coherent Mira 900F-Verdi V-10, APE Pulse Switch) operating at 860 nm with pulses of the order of 100 ps duration and a pulse repetition rate of 7.6
MHz. The output of the Titanium:sapphire laser was frequency doubled to obtain 430 nm light for direct excitation of AlexaFluor 430. Emission was collected through a 50 mm UV-grade fused silica lens of F1 aperture (Newport). A 495 nm cutoff filter was used to reject scattered excitation light and a Digikrom monochromator (CVI, Albuquerque, USA, model CM110) enabled selection of the emission wavelength. The fluorescence was subsequently detected by a microchannel plate photomultiplier (Eldy, St. Petersburg, Russia, model EM1-132). The emission signal was then processed by a time correlated single photon counting card (Edinburgh Instruments, T900).
Fluorescence decay profiles were collected to have a total of 10,000 counts in the channel of maximum intensity. Both bulk solution and TREWIFS fluorescence decay profiles were collected in this manner.
For Evanescent Wave-induced Time-resolved Fluorescence Anisotropy Measurements (EW-TRAMs), fluorescence decay profiles for a silica double-rhomb polarisation rotator (HalboFresnel Rhomb) was used for selecting excitation polarisation relative to the plane of incidence.
An emission polarisation analyser (King) provided selective collection of fluorescence emission of a specific orientation. It was mounted as the first optical component in the detection set up to minimise spurious polarisation due to other optical components. Four excitation-emission polarisation permutations, I ab , were collected, where a is the polarisation orientation of excitation light and b is that of the emission: I ss (t), I sp (t), I ps (t) and I pp (t) . Fluorescence decay profiles were collected for each excitation-emission permutation in the same manner as bulk and TREWIFS decay profiles except that fluorescence decays were collected over a period of 2 hours (30 minutes in each excitation-emission permutation) rather than to a preset maximum number of counts.
Preparation of the Small Unilamellar Vessicles
The SUV's used to form the supported lipid bilayer were prepared by first dissolving dry DPPC in chloroform. The solvent was then evaporated under a stream of nitrogen followed by vacuum desiccation for a minimum of two hours. The resulting lipid film was suspended in HEPES buffer solution with vortexing to a lipid concentration of 1 mg/mL, at a few degrees above the phase transition temperature. The resulting multilamellar vesicle suspension was subjected to five cycles of freeze-thawing then sonicated using a Branson (Danbury, CT, USA) 450-D digital tip sonifier operated at 30% amplitude with a 50% duty cycle. The resulting small unilamellar vesicle suspension was then centrifuged in a Hermle (Gosheim, Germany) Z233 M-2 microcentrifuge for 10 minutes at 15,000 rpm to remove titanium particles released from the sonifier tip as well as any residual multilamellar vesicles. Small unilamellar vesicle suspensions were then diluted to 0.1 mg/mL and stored at 4°C under nitrogen for use within four days of preparation.
Peptide Synthesis and Fluorescent Labelling
Melittin (molecular weight of 2847.5 Da) is a 26-residue peptide with the sequence GIGAVLKVLTTGLPALISWIKRKRQQ. It is cationic with a net charge of +6 (a single positive charge on the N-terminal amino group and five positively charged residues) at physiological pH.
To form the melittin mutant, proline-14 (P14) was substituted by lysine (K14) to give the sequence: GIGAVLKVLTTGLKALISWIKRKRQQ. This substitution allows for amine coupling of the fluorescent label, AlexaFluor 430.Both melittin and its mutant (Melittin P14K-Alexa 430) 4 were synthesized on Fmoc-PAL-PEG-PS (0.1 mmol) resin to create amidated C-terminus peptides by using a CEM Liberty microwave peptide synthesizer (Ai Scientific, Queensland, Australia) (41). All lysines used for both the sequences were N ε Boc protected except for K14 in the mutant.
The K14 had methyltrityl (Mtt) at the side chain that allows selective cleavage.
The N-terminal Fmoc protected mutant peptide remained bound on the resin for the subsequent coupling reaction with Alexa dye. The side chain of K14 was selectively cleaved with 1% TFA in the presence of 5% TIPS as a scavenger in DCM solvent (42). The resin-bound mutant peptide was exposed to six cycles of the cleaving solution (TFA:TIPS:DCM, 1:5:94) for five minutes each cycle with a fresh cleaving solution used for each cycle. A positive TNBS test (for free amine) and yellow coloured reaction solution (for Mtt) indicated the deprotection of Mtt.
The succinimide ester of Alexa-430 (3 equivalent relative to the resin-bound peptide) was then coupled with the deprotected side chain of K14 in the presence of 6 equivalent of base, DIPEA. The reaction was carried out in DMF at room temperature for 1 hr. The TNBS test was carried out to monitor the progress of the reaction. After the reaction was complete, the Nterminal Fmoc was removed with 20% PPD in DMF.
Finally, both melittin and melittin P14K-Alexa 430 were cleaved from the resin using a cleavage cocktail containing TFA/TIPS/ H 2 O (95%/ 2.5%/ 2.5%) for 2 h at RT. The resin was filtered and washed with TFA. The filtrate was concentrated by evaporation under a stream of N 2 and then precipitated with ice-cold diethyl ether to obtain the peptides as powder. The precipitates were centrifuged at 3000 rpm for 3 min and washed with diethyl ether at least three times. The final products were purified by reverse phase HPLC and identified by MALDI-TOF (Fig 1) . 
Lytic assay of the AlexaFluor 430-Labelled Melittin Mutant
The lytic activity of both native melittin and the melittin mutant was assayed by measuring the fluorescence of a self-quenching fluorescent dye that is encapsulated inside multilamellar vesicles (43). When the dye is released from the vesicles as a result of membrane lysis, it is diluted to a concentration where self-quenching is reduced and an increase in fluorescence is observed(43). The dye was encapsulated inside the vesicles by adding 50 mM of the selfquenching fluorescent dye Na-Fluorescein to the HEPES buffer solution used to rehydrate the lipid film during vesicle formation described above. The multilamellar vesicle suspension was then extruded through a 0.2 µm type GTTP polycarbonate filter (Millipore Corp, Bedford, USA) ten times. Between each extrusion cycle, the suspension was diluted by a factor of ten with pure buffer solution to reduce any unencapsulated dye to a negligible concentration. 1 mL of 5µM peptide (either native melittin or the melittin mutant) was then added to 1 mL of the MLV suspension. 30 minutes after the addition of peptide, 0.1 mL of a 10% Triton X-100 (in HEPES buffer solution) was added to micellise the vesicles and so provide an upper limit for dye release.
Fluorescence spectra were recorded before and after the introduction of peptide and Triton X-100 on a Cary Eclipse Fluorescence Spectrometer: wavelength range 500-650 nm, scan speed of 120 nm/minute. The extent of membrane lysis is reported as the percentage ratio of fluorescence intensity after peptide introduction to fluorescence intensity after addition of Triton X-100, R max :
where I 0 is the maximum fluorescence intensity of the dye-loaded vesicle sample prior to incubation with the peptide, I P is the fluorescence intensity maximum after introduction of the peptide and I T is the peak fluorescence intensity after the introduction of Triton X-100.
Environment Accessibility Studies (fluorescence quenching)
Fluorescence quenching studies were performed by measuring fluorescence emission intensity of both free AlexaFluor 430 and the AlexaFluor 430-labelled melittin mutant, as a function of the concentration of acrylamide, from 4 mM to 40 mM, in HEPES buffer solution.
Acrylamide is a neutral collisional quencher with quenching behaviour that is well described by the Stern-Volmer equation:
where I is the fluorescence intensity maximum of the fluorophore when the concentration of 
Environment Sensitivity studies of AlexaFluor 430 and the melittin mutant
The environment sensitivity of the AlexaFluor 430 probe was characterised by performing fluorescence lifetime measurements of the free probe in solvents of different polarity. The resulting fluorescence decay kinetics data is shown in Fig. 1 of the manuscript. The fluorescence lifetime data are summarised in Table T1 . Table S1 : Fluorescence lifetime, τ, of Alexa 430 in solvents of different polarity. The fluorescence decay kinetics are monoexponential. χ 2 is the goodness of fit to the decay curves.
€ E T N is a normalised value of polarity.
Fluorescence Decay Kinetics of the AlexaFluor 430-labelled Melittin Mutant
As stated in the text, the fluorescence decay kinetics of the AlexaFluor 430-labelled melittin mutant was found to be bi-exponential. To reinforce this finding, the residuals for both the monoexponential and bi-exponential fits to the fluorescence decay curves in menthanol and water are provided in Figures S3 and S4 , respectively. Note that the χ 2 values in methanol for the mono-and bi-exponential fits are 1.45 and 1.19, respectively. In water, the χ 2 values for the mono-and bi-exponential fits are 5.93 and 1.23, respectively. This shows that the fluorescence data is best fitted to a bi-exponential decay, in both solvents. 
TRAMs Theory
Monitoring fluorescence depolarisation following excitation by both s and p polarised incident light yields information relating to the motion of fluorophores with components of their emission dipoles in two orthogonal planes: parallel and perpendicular to the plane of the interface (Piasecki DA, Wirth MJ (1994 ) Langmuir 10:1913 -1918 , Wirth MJ, Burbage JD (1991 ) Anal. Chem. 63:1311 -1317 . This allows identification of molecular motion in these two planes, illustrated schematically in Figure S3 . t) . is given by:
or, in terms of s and p polarised light:
where I ab (t) is the component of the time-dependent fluorescence emission intensity in the bdirection, after excitation in the a-direction. Motions about angles θ do not contribute to r φ (t)
since I yy and I yx sense motions normal to the interface equally. Based on the formalism set out by Wirth and Burbage (1991) , the anisotropy at time zero, r φ,0 , can be expressed as: 
where I 
where, in the limit of parallel excitation and emission dipoles, r θ,0 = -0.2.
Note that polarisation bias is accounted for by using the correction factor, G=I ps /I pp .
Figure S5.
Time resolved fluorescence anisotropy, r(t), for fluorescence depolarisation parallel (in plane) and perpendicular (normal) to the bilayer. This is the same data as shown in Figure 3 of the manuscript but the data is fitted here to the associative model of anisotropy (Equation 4 of the manuscript).
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